MANY chemotherapeutic agents have been tried in the treatment of both acute and chronic brucellosis. It is generally accepted that tetracycline is the treatment of choice, but Spink (1964) suggested that in the more severe infections the simultaneous administration of streptomycin might be beneficial. Evidence for the synergistic action of tetracycline and streptomycin is incomplete, and most reports have been based on the treatment of small groups of patients. The main purpose of this investigation was to determine the sensitivity of strains of Brucella abortus to ampicillin, tetracycline and streptomycin by four different quantitative techniques. The sensitivity to carbenicillin, gentamicin, kanamycin and co-trimoxazole (a combination of sulphamethoxazole and trimethoprim) was also investigated.
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The ranges of h a 1 concentrations were ampicillin 16 to 0 2 5 pg per ml, tetracycline 1-6 to 0.025 fig per ml, and streptomycin 6-4 to 0-1 pg per ml. One drop of the diluted culture was added to each antibiotic dilution and also to control tubes, and incubation was for 72 hr at 37°C. The minimum inhibitory concentration (MIC) was taken as the lowest concentration of antibiotic required to give complete inhibition as judged by the turbidity of the broth. A volume of 0.2 ml from each tube showing complete inhibition was subcultured in SD broth.
ADHI method. A suspension of organisms, comparable to a Brown's opacity tube no. 2, was prepared in sterile PBS and further diluted 1 in 10. A series of two-fold dilutions of antibiotic in sterile PBS was incorporated into SD agar at a temperature of 48-50°C in a ratio of one part antibiotic solution to 19 parts of medium. The ranges of h a 1 concentrations were ampicillin 32 to 0.25 pg per ml, streptomycin 12.8 to 0.1 pg per ml, and tetracycline 1.6 to 0.025 pg per mi. Use of a Lidwell phage-typing applicator permitted the simultaneous inoculation of suspensions of 25 strains of B. abortus. The plates were incubated at 37OC for 72 hr.
The MIC was taken as the lowest concentration of antibiotic giving complete inhibition of growth.
ADLI method. A 3-day SD broth culture of each strain was diluted in sterile PBS to give approximately 4OOO organisms per ml. The medium was that used in the ADHI method. The antibiotic plates were inoculated with 004 ml of the suspension (approximately 160 organisms), which was distributed over the plate with a glass spreader. The plates were incubated at 37OC for 72 hr. The MIC was taken as the lowest concentration that gave complete inhibition of growth.
Ditch method. The inoculum was that used in the ADHI method. SD agar was poured into 90 mm-diameter, flat-bottomed, plastic petri dishes to a depth of approximately 6 mm, and a 15 mm-wide strip of agar was removed along the diameter of each plate. The central ditch so formed was filled with SD agar containing the appropriate concentration of antibiotic. A series of two-fold dilutions of antibiotic in sterile PBS was incorporated into SD agar at a temperature of 48-5OoC in a ratio of one part antibiotic solution to 19 parts of medium. The molten antibiotic-SD agar was used to fill the central ditch. The ranges of final concentrations were ampicillin 32 pg per ml to 2 pg per ml, streptomycin 10 pg per ml to 0.6 pg per ml, and tetracycline 16 pg per ml to 1 pg per ml. A loopful of the suspension of each strain was streaked across the plate at right angles to the central ditch. Each plate was inoculated with six strains together with a similar suspension of the WHO prototype strain of B. abortus, biotype 2, which was used as a standard control. The sizes of the zones of inhibition were measured in millimetres.
The MIC of each antibiotic for the standard strain had been determined with the ADHI method. The MIC for the test strains by the ditch method' was calculated as follows (Farrell, 1969) .
MIC of test strain (ditch method) = MIC of standard strain (ADHI method) x sensitivity factor. Sensitivity factor = g . Ct = concentration of antibiotic required to inhibit the growth of the test strain over the width of the ditch only; Cs = concentration of antibiotic required to inhibit the growth of the standard strain over the width of the ditch only.
The relationship between the concentration of antibiotic in the ditch and the size of the zone of inhibition was established with the standard strain. There was a linear relationship between the log of the concentration of antibiotic in the ditch and the size of the zone of inhibition. This relationship was described by a regression equation for each antibiotic, and it was assumed that the gradient of the regression lines was constant for each antibiotic irrespective of the brucella strain tested, because, when all tests were performed simultaneously under similar conditions, it depended only on the rate of diffusion of antibiotic. From the zone sizes recorded with the series of ditch plates for each antibiotic, the antibiotic concentration Ct was calculated by reference to the appropriate regression equation for each of the test strains. For most strains, more than one of the set of ditch plates for a particular antibiotic gave a zone of inhibition and consequently a mean value for Ct was obtained.
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RESULTS
Sensitivity
of 2. 5 strains of Brucella abortus to six antibiotics The MIC of ampicillin, streptomycin and tetracycline obtained by four different methods are shown in table I. The BD and ditch methods gave comparable results, whereas higher values were obtained by the ADLI and ADHI methods, particularly the latter.
The sensitivity of biotypes 1, 2, 4, 5 and 9 to the same three antibiotics, measured by the four different methods, are shown in table I1 as the mean MIC The strains of biotype 4 included four classical strains and one aberrant, dye-sensitive strain (Farrell and Robertson, 1967) . The ADHI method gave the highest mean MIC, with three exceptions, although the differences between the methods were rarely greater than two-fold for any particular strain. For each of the three antibiotics, there was little difference between the sensitivities of biotypes 1,4,5 and 9, except for the dye-sensitive strain of biotype 4. This strain, and those of biotype 2, were noticeably more sensitive.
In the BD tests, all tubes in which growth was inhibited were subcultured into SD broth and then onto SD agar. Organisms were recovered from concentrations of ampicillin ten times greater than the MIC but not from dilutions of streptomycin or tetracycline containing more than the MIC. Table I11 shows that the MIC values of gentamicin, kanamycin and carbenicillin obtained by the ADHI method were higher than those obtained by the ditch method.
The distribution of the MIC of the six antibiotics between strains is shown in the figure. The ADHI results were used, because all the strains were inoculated simultaneously onto each antibiotic plate, thus reducing the effects of variations in operative procedure and composition of the medium. The MIC values of gentamicin and kapamycin were within the range 1 to 2 pg per x n l and 2 to 4 pg The distribution of the MIC of the semisynthetic penicillins was quite different. The MIC of ampicillin and carbenicillin fell within the wide ranges 1 to 16 pg per ml and 2 to 64 pg per ml respectively. There was a bimodal distribution of the MIC of both ampicillin and carbenicillin; strains of biotype 2 were sensitive to 2 pg per ml or less of ampicillin and either 2 or 4 pg per ml of carbenicillin, whereas the MIC of the majority of other strains was 8 pg per ml or greater for ampicillin and 32 p g per ml or greater for carbenicillin.
Two strains were of particular interest, their pattern of antibiotic sensitivity being unlike that of the other strains of their biotype. The high sensitivity of dye-sensitive strains of biotype 4 has been previously described by Farrell and Robertson (1967) , but it is evident from the figure that one strain of biotype 9 was similarly sensitive although it had the normal dye-sensitivity pattern.
Investigation of synergism A synergistic effect between tetracycline and streptomycin was not apparent, but synergism between sulphamethoxazole and trimethoprim was demonstrated. The ADHI method showed that for all 25 B. abortus strains the MIC of sulphamethoxazole was 2 pg per ml and of trimethoprim 32 pg per ml. When the two agents were used in combination in the same ratio as their MIC values, a 16-fold potentiation between them was evident, all strains being inhibited by a combination of 0.125 pg per ml of sulphamethoxazole and 2 pg per ml of trimethoprim.
DISCUSSION
The methods used for the determination of antibiotic sensitivity have generally been developed for organisms growing more rapidly than brucellae, which requke 72 hours' incubation to produce visible growth. In our preliminary experiments the disk-diffusion method was found to give much larger zones of inhibition than would be expected with organisms of similar sensitivity that produce visible growth within 24 hr. For each " antibiotic " there was a close correlation between the zone sizes and the MIC values for the various strains when all tests were set up at the same time on the same batch of media. However, variations from test to test occurred in the sizes of zones, particularly those produced by the semi-synthetic penicillins, sulphamethoxazole, and trimethoprim. Consequently, we do not recommend the disk-diffusion method for routine sensitivity testing of brucella strains. Any differences between the results given by the four methods used in this investigation were probably attributable to differences in the size of the inoculum. The MIC values obtained by the ADHI methods were often higher than those found by the three other methods. The ditch method, when calibrated with a strain of known sensitivity, was satisfactory for determining the MIC of chemotherapeutic agents for brucellae, and is particularly useful for large numbers of strains.
Brucellosis in both its acute and chronic form is essentially a disease of intracellular parasitism. In acute cases, recovery usually occurs within 6 mth or at most 1 yr, but some untreated cases become chronic and persist for years. The insidious onset and variable manifestations of human brucellosis CHEMOTHERAPEUTIC SENSITIVITY OF BR. ABORTUS 555 make diagnosis difficult. Consequently, the evaluation of treatment is difficult, and this may be why so many different therapeutic agents have been used (Spink, 1956; Row and Renowr, 1951) .
In making comparisons between the MIC values and the levels of antibiotics attainable in plasma, it should be remembered that B. abortus is an intracellular organism. The peak plasma levels and plasma half-lives of six antibiotics used in the study have been given by Bryant (1968), Bunn (1970), Cox (1970), Martin (1970), Ory (1970) , O'Grady et al. (1971) and Garrod and O'Grady (1971) . The peak plasma level of tetracycline has been given as 3 pg per ml. Of 25 strains of B. abortus, 18 were inhibited by 0.8 pg per mI and seven by 0.4 pg per ml. Tetracycline is generally considered to be bacteristatic but in broth-dilution titrations it was bactericidal to B. abortus, although we feel this requires further investigation. The in-vitro sensitivity to tetracycline supports the results of animal experiments (Heilman, 1949; Magoffin, Anderson and Spink, 1949;  Braude and Spink, 1950) and treatment of human brucellosis (Spink, 1956 ; Rizzo-Naudi, Griscti-Soler and Ganado, 1967). Spink (1956) reported on the treatment of 67 cases of brucellosis due mainly to B. abortus with 0.5 g OF tetracycline four times a day for 10-21 days. Forty-eight patients recovered promptly after the initial course and 1 1 of 19 patients who relapsed responded to a further course of tetracycline. Rizzo-Naudi, Griscti-Soler and Ganado (1 967) reported comparable findings in treating 400 B. melitensis infections with tetracycline.
A synergistic action between tetracycline and streptomycin was demonstrated in mice by Heilman, and this combination was used in the treatment of human infections by Herrell and Barber (1949) . Further observations were made by Shaffer, Kucera and Spink (1953) , but we are not aware of satisfactory proof of this synergism in the treatment of human brucellosis, although Richardson and Holt (1962) , who used infected bovine cells, found that tetracycline and streptomycin in combination are bactericidal whereas either antibiotic alone is only bacteristatic to intracellular brucellae.
The peak plasma level of streptomycin has been given as 25 to 30 bg per ml. Of our 25 strains, 21 were inhibited by 3-2 pg per ml although a concentration of 12-8 pg per ml was required to inhibit all of the remaining strains. Suter (1952) and Mackaness and Smith (1953) have shown that the intracellular penetration of streptomycin is poor, and it is generally accepted that streptomycin alone is not effective in the treatment of brucellosis, although it is still widely used in combination with tetracycline.
All 25 strains were inhibited by 2 pg per ml gentamicin, and five were inhibited by 1 pg per ml; the same five strains were inhibited by 2 pg per ml kanamycin and the remainder by 4 pg per ml. The peak plasma levels of gentamicin and kanamycin have been given as 5 to 10 fig per ml and 30 pg per ml respectively, and their plasma half-lives (150 and 300 min., respectively) suggest that either antibiotic may be more effective than streptomycin in combination with tetracycline. Farid, Bassily and Omar (1967) treated B. melitensis infection with ampicillin, but of seven patients five remained bacteriaemic at the end of treatment. chronic brucellosis. These observations are in accord with our findings that, not only were the MIC values of ampicillin for strains other than of biotype 2 in excess of peak plasma levels of 4-5 pg per ml but also the antibiotic was bacteristatic only. Sensitivity to carbenicillin was no more encouraging.
Co-trimoxazole has been used in the treatment of acute and chronic brucellosis (La1 et al., 1970 ; Giunchi, de Rosa and Fabiani, 1971 ; Hassan et al., 1971) . The results in acute infections are encouraging, although further clinical trials are necessary. Our investigations confirmed the synergistic effect of sulphonamide and trimethoprim on B. abortus. Darrell, Garrod and Waterworth (1968) found that all bacteria investigated except Neisseria spp were more sensitive to trimethoprim than to sulphonamide on a weight-for-weight basis. Like Neisseria spp, B. abortus was less sensitive to trimethoprim (32 pg per ml) than to sulphamethoxazole (2 pg per ml), suggesting that a high level of trimethoprim in the plasma should be maintained. The fhdings of Drew et al. (1967) suggest that 500 mg trimethoprim daily combined with 1 g sulphamethoxazole is well tolerated, although in brucellosis the treatment may have to be continued for at least 21 days.
SUMMARY
The sensitivity of 25 strains of Brucelfa abortus, comprising strains of the biotypes commonly encountered in the United Kingdom, was determined to six antibiotics and co-trimoxazole (a combination of sulphamethoxasole and trimethoprim) by means of four methods, including a modification of the ditchdiffusion method. The ditch method was shown to be satisfactory for routine sensitivity testing of brucellae. The strains were almost uniformly sensitive to tetracycline, and the MIC values were between four and eight times less than the expected peak plasma levels. The strains were not as sensitive to streptomycin as those previously reported by Spink (1956), and the MIC values to this antibiotic were distributed over a wider range of concentrations than those of gentamicin or kanamycin. A comparison of MIC, peak plasma levels and plasma half-lives suggest that gentamicin and kanamycin may be more effective than streptomycin in the treatment of brucellosis when used in combination with tetracycline.
The failure of ampicillin in the treatment of brucellosis accords with the finding that of 25 strains 17 had MIC values in excess of the peak plasma levels. An experiment with carbenicillin indicated that it was unlikely to be effective in the treatment of B. abortus infection.
Synergism between sulphamethoxazole and trimethoprim was demonstrated in vitro on all strains examined. The strains were less sensitive to trimethoprim than sulphamethoxazole, indicating that a high plasma value for trimethoprim should be maintained, but further clinical trials of co-trimoxazole are necessary.
